I.
The effect of corruption on firm innovation
Introduction
The literature on the relationship between corruption and innovation is both meager in terms of number of studies and indeterminate in terms of findings. First, there is a paucity of theoretical and empirical studies on how corruption affects innovation, although there is of course a related and more substantial strand of literature relating to corruption and economic efficiency/growth. There are in fact very few, relatively recent empirical studies that directly examine the impact of corruption on innovation at either firm level or national level. However, countries under study include economies at different levels of development with an emphasis on transition and developing economies. Second, there is not yet a universal consensus on the effects of corruption on innovation. While most authors find that corruption negatively affects innovation, there is also some evidence that indicates a positive relationship between corruption and innovation, especially for countries where institutions and governance structures are not effective.
Before proceeding further it seems worthwhile to briefly consider of innovation and corruption. Innovation is regarded as a key driver of increased productivity and economic growth worldwide, especially in view of the new growth theory (see, for example, Romer (1990) ; Grossman and Helpman (1991) ; Aghion and Howitt (1992) ). In this sense, innovation can be regarded as an important channel for economic growth. Different types of innovation in the production and distribution process have been identified in the literature, including, for example, process innovation, product innovation, organizational innovation and marketing innovation.
By corruption is meant the abuse of public office by civil servants or officials for illegitimate private gain (World Bank (1997) ). In most empirical studies corruption is typically measured by Transparency International's Corruption Perception Index (CPI) or briberies of public officials. Some authors (see, for example, Habiyaremye and Raymond (2013) ) further classify corruption by scale (grand vs. petty) or by country of origin of bribe offerors (domestic firms vs. foreign firms). Under this approach firms engage in grand corruption to gain market advantages (e.g. to win a government's procurement contract) and in petty corruption to "get things done" (e.g. relatively small payment to bureaucrats).
The remainder of this section is organized as follows. Section 1 provides a succinct summary of theoretical arguments concerning the possible effects of corruption on innovation. This is basically a review of the sand the wheels vs. grease the wheels hypotheses as applied to innovation. Section 2 reviews the empirical studies, focusing on their definitions of key variables, data sources, estimating methods and findings.
a. Review of theoretical arguments/models
The competing sand the wheels and grease the wheels hypotheses concerning the impact of corruption and economic growth apply equally well in the case of corruption and innovation.
The sand the wheels hypothesis is the formal statement of the common sense observation that corruption, however defined, is detrimental to innovation and economic development. (2011)).
Various theoretical arguments have been put forward in the literature to support the above orthodox viewpoint. Myrdal (1968) suggested that corrupt public servants may cause unnecessary delays to extract a bribe. Such delays tend to harm innovative efforts.
Consistently, Veracierto (2008) constructed a game theoretic model that demonstrates a positive effect of corruption controls on production innovation, although his model does not shed light on the precise channel of this positive effect. As pointed out by Rose-Ackerman (1997), although there is analogy between corruption and competitive auction, the highest briber may also be the one who is most willing to compromise on the quality of the goods produced once a license is obtained. In this case, corruption may reduce rather than increase the incentive to innovate.
Corruption has been argued to increase uncertainty and transaction costs and thus make a potentially promising innovative opportunity much less attractive commercially (see, for example, Luo (2004) ). It has also been suggested that innovative activities may be adversely affected by corruption due to lack of resources (from investment) or lack of trust in institutions (see, for example, Mahagaonkar (2010: 81) ). There is also a related view put forward by Shleifer and Vishny (1993) that true level of innovation may get inflated in the presence of corruption. This is because corrupt firm would often report as having advanced technologies, even though they are not necessarily needed.
Corruption may also act as a barrier to innovation through various indirect channels. For example, Murphy et al (1991) suggested that, due to the economic benefits of corruption to some individuals, economic agents are likely to move from productive to unproductive rentseeking activities. Such a sub-optimal reallocation would harm human capital accumulation and consequently innovation. Along a similar line, Kurer (1998) argued that corrupt officials have an incentive to create distortions in the economy to protect their illegal income. Such distortions may hinder innovation. Further, the host country's corruption may also have a negative impact on its inflow foreign direct investment, which is a well-known source of technology transfer for the host country. Additionally, corrupt practice by foreign firms may also potentially retard host country's innovative activity (Habiyaremye and Raymond (2013) ).
The grease the wheels hypothesis represents the alternative, more controversial viewpoint.
According to this line of thinking, advanced by Leff (1964) and Leys (1965) , corruption can be efficiency or innovation enhancing. This is so because corruption may alleviate the distortions in an economy caused by ill-functioning institutions or poor governance structure. An important bureaucratic inefficiency that can be compensated for through corruption is time losses in legally establishing new firms (Leys (1965) ). This idea was supported by Lui (1985) who demonstrated in a formal model that corruption could reduce time spent in a queue. Another important bureaucratic inefficiency is caused by the government's inability to attract quality public servants. In this context, it has been argued by Leys (1965) and Bailey (1966) that corruption can improve the quality of public servants when government salaries are low.
An insight offered by Left (1964) is that the most generous briber can also be the most efficient producer. Subsequently Lien (1986) and Beck and Maher (1986) formally demonstrated that corruption can duplicate the outcome of a competitive auction aimed at assigning government procurement contract. In this sense, corruption can improve efficiency or innovation by providing the projects for the most efficient firms. A later study of Acemoglu and Verdier (1998) suggested that property rights enforcement, which is decided by public officials, is the key condition for wealth creation. Consequently, it is necessary to prevent all corruption. However, the cost associated with so doing may be prohibitively high, making the socially optimal recourse allocation obtained with less than full enforcement of property rights and some corruption.
Opponents of the 'efficiency enhancing' or 'innovation enhancing' school of thoughts have argued that the positive impact of corruption is based on weak and unjustifiable assumptions. For instance, the size of the bribery may be determined by corrupt officials rather by corrupt firms. Similarly, corrupt bureaucrats are most likely to work to promote economic growth or innovation. Against Leff (1964) 's argument, Tanzi (1998) claimed that the rigidities are not the nature of the society, but created by the governmental officials, especially if such obstacles can attract more bribes. Consequently, it is unreasonable to claim that corruption can enhance efficiency or innovation by removing these rigidities. Myrdal (1968) also stated that in case of corruption, rather than accelerating the administrative procedure, officials would maintain the rigidities in order to receive more briberies. Kaufmann and Wei (2000) supported this view, arguing that since bureaucrats can endogenously choose regulatory burden and delays, they tend to extract the largest amount of corruption. Thus, firms are likely to spend more time in negotiating with corrupt officials, leading to higher cost of capital. Furthermore, in contrast to Beck and Maher (1986) 's claim, firms which pay the highest bribe may not necessarily be the most economically efficient ones. The firm which offers the highest bribe may simply do so because they consider bribe as an investment with a high rate of return (Tanzi, 1998) .
In summary, there are alternative theoretical ways of viewing the impact of corruption on innovation, particular for countries with weak governance structure and institutions. Thus, it is necessary to turn to empirical studies to resolve this difference. It is important to note that it is conceivable that both hypotheses can hold simultaneously. A more recent and perhaps more plausible approach is to disaggregate corruption into different types which may in turn have opposite effects on different types of innovation. This approach will be further considered in the next subsection.
b. Review of empirical studies
There are very few empirical studies that directly examine corruption as a determinant of innovation. Broadly speaking, those empirical studies can be classified into two groups by reference to the level of aggregation of data. The first group utilizes data at the country level whereas the second employs firm-level data. In general, findings from those studies tend to confirm the sand the wheels hypothesis that corruption hampers innovation although evidence to support the grease the wheel hypothesis has also been established in more limited circumstances. Like the literature on corruption and economic growth, the two problems most frequently encountered in empirical studies on corruption and innovation are the simultaneity and robustness of the relationship between the two key variables under study.
In a study of socioeconomic determinants of innovation, Griffiths and Kickul (2008) classified EU countries, Japan and the US into four groups (leaders, followers, trailing and catching up) on the basis of each country's innovation index. Data for this study was mainly derived from Eurostat 2006 supplemented with Transparency International's 2005 CPI. A multivariate discriminated analysis (with the four groups as dependent variables and nine independent variables including CPI) found three significant discriminated functions where the first accounts for 76.4% of the discriminating power and highly aligned with CPI, high-tech workers (as a percentage of labor force), R&D (as a percentage of GDP) and industrial R&D (also as a percentage of GDP). Further, a box plot of country innovation classifications and CPI reveals a positive relationship between the two variables, i.e. more/less innovative countries have higher/lower CPI (less/more corruption). This finding has also been confirmed by Golla (2010) in her study of the simple correlation between CPI and Summary Innovation Index (SII) in formerly centrally planned EU economies (Estonia, Latvia, Lithuania, Poland, Czech Republic, Slovakia, Hungary, Slovenia, Bulgaria and Romania) for the year
2009.
In a study similar in spirit to that of Griffiths and Kickul (2008) (2003)). Other control variables included wealth (log of GDP per capita in constant 1995 US dollars), trade openness (log of foreign trade as a percentage of GDP) and size (log of population). Using random effects negative binomial regression when innovation was defined as number of patent application, the linear effect of control of corruption on innovation was not signfificant but the squaredterm effect was significantly positive. In contrast, using feasible generalized least squares when innovation was proxied by the rate of increase in domestic factor productivity, the study identified a marginally significant linear effect of control of corruption on innovation, but no effect for its square. In summary, there is some evidence to support a positive relationship between corruption control and innovation but the evidence is not strong.
A relatively recent study using firm-level data is that of Mahagaonkar (2010) . This study focused on African countries which are often considered to have weak governance structures, making them suitable to test the sand/grease the wheels hypotheses. An interesting feature of this study was the recognition of four separate types of innovation: process, product, organizational and marketing innovation. This separation is important because innovative activities that require exclusively the use of public properties such as licenses or permits may be impacted differently by corruption. Using the probit and instrumental variable probit models with the African subset of a large-scale firm-level data set derived from the 2004 World Bank Enterprise Survey, it was found that corruption impedes product and organizational innovation but has a beneficial effect on marketing innovation. Process innovation appears to be unaffected by corruption. The findings of this study lend support to the possibility of simultaneous occurrence of the sand/grease the wheels hypotheses.
A more recent study by de Waldemar (2012) found strong evidence to support the sand the wheels hypothesis. The data for this study was derived from the World Bank Enterprise Survey for Indian firms in 2005, consisting of 2,280 enterprises located in 17 states in all regions of the country. They key variables are product innovation (whether a new product has been introduced) and bribery (sector-sate average of firms' responses). Other control variables are conventional determinants of product innovation and firm characteristics.
Using probit estimation, bribery was shown to have a negative and significant effect in all specifications. The results were robust in terms of both the endogeneity test (via the use of instrumental probit estimation) and the introduction of a multi-product dummy variable.
Thus, there is solid evidence that corruption in the form of bribery diminishes the probability of new products being introduced by Indian firms.
The harmful effect of corruption on innovation can also arise from foreign firms' practice in host countries. In a very recent study, Habiyaremye and Raymond (2013) namely the percentages of fimrs in each two-digit industry, taken separately for each country, that engage in grand and petty corruption, which are further broken down into foreign and domestic firms. The full information amximum likelihood methoad was then employed to estimate a simultaneous-equatiosn trivariate probit models involving three innovation measures as the dependent variables. The findings can be summarized as follows: (i) grand corruption by foreign firms is detrimental to all types of innovation while grand corruption by doemstic firms have no effect on the three innovation emasures, (ii) petty corruption by local firms has a stifling effect on innovation effort and incremental innovation, but not major innovation, while petty corruption by foreign firms has a positive direct effect on major innovation (evidence of a wheel greasing effect), (iii) the combination of grand corruption by foreign firms and petty corruption by doemstic firms causes the most harm to innovation.
Another useful reference for the present study is a recent paper by Rand and Tarp (2012) .
Although this study did not examine the relationship between corruption and innovation, it utilized the same panel data set that will also be employed in the present study. Rand and Tarp (2012) aimed to study the determinants of bribes and changes in bribe paying behavior in Vietnam using a panel data set with information on 1,658 SMEs in 10 major provinces of Vietnam in 2005 and 2007. Employing a pooled probit model and a fixed effects linear probability model, bribe incidence was found to be significantly related positively to firm's size, firm's willingness to pay (proxied by profit per employee) and firm's outside option (proxied by capital/labour ratio), and negatively to a time dummy variable. Other explanatory variables such as receipt of government assistance, international trade and business registration were also found to be statistical significant. Using the Blinder−Oaxacca decomposition, their study suggested that "changing 'preferences' played the key role in lowering bribe incidence between 2005 and 2007 (Rand and Tarp (2012: 585) ).
Empirical Strategy and Data Description
Our empirical strategy bases on the analysis of Fisman and Svensson (2007) . In their studies, the authors discussed that corruption behavior in general and bribe payment in particular may be endogenous to firm performance. Actually, many business elements could have effect on both of corruption and firm productivity (as well as firm innovation capacity).
Corrupt bureaucrats could observe firms performance across time and have their own assessment of firm ability, therefore, firms in the same sector and/or in the same area may pay different bribes. In some circumstances, there exists a potential reverse causality between corruption and firm performance. For example, in a business environment where exists long administrative delays and slow-moving queues for public services, a firm who needs to have a license to develop their products or to access a preferential market could be willing to pay a larger amount in corruption than other firms.
To deal with preceding barriers, following Fisman and Svensson (2007), we classify corruption of firm into two types.
Corr ij =corr ij + corr j
where corr ij refers to idiosyncractic element and corr j is the part of corruption determined by industry-location. It means that the location element of corruption corr j is affected by the underlying characteristics inherent in a particular area; therefore, we assume that corr j is exogenous to the firm.
Our previous discussion showed that there are several unobservable factors that could affect both firm innovation capacity and corruption, leading to the bias estimate of corr ij . However, with assumption about corr j , it is clearly seen that corr j is uncorrelated with firm innovation capacity; hence, we can overcome the bias estimation by using corr j as an instrumental variable of corr ij . Our initial empirical model is:
INNO i is a dummy variable that proxy for whether firm has any type of innovation activities or not. We concern several types of firm innovation activities in our model such as (i) product innovation: whether firm produce new goods or not, (ii) process innovation: whether firm has a new production process, (iii) improving product: whether firms improve its available products, (iv) new innovation: whether firm has new innovation or new production process, and (v) general innovation: whether firm has at least one of above innovation activities.
X ij is a vector of observable factors that affect innovation, while θ ij is unobservable one; ε ij is zero-mean error term.
Using instrumental variable, our model becomes:
where corr IV i is the fitted value from the first stage regression, using dummy variable of corruption by industry and location. Meanwhile, we use four other instrumental variables in order to have overidentifying restrictions: (i) the Vietnam provincial competitiveness index (PCI), (ii) whether firm is customer of a state firm or not, (iii) whether firm is supplier of a state firm or not, (iv) whether firm is inspected by government officials or not.
All necessary data could be achieved by using the database of the Survey of Small and The information of firm corruption is collected from SMEs survey and measured as a dummy variable that describe whether firm pays for informal or communication fee. Though in SMEs survey, firms are asked about the amount of bribe, firms surely tend to deny answering the question or to cheat at their answer. Hence, it is obviously that using dummy variable is more reliable.
When studying the factors that affect on firm innovation activities, we should pay attention on firm investment in several aspects such as (i) production capacity, (ii) replacing old equipments, (iii) improving their productivity, and (iv) improving their quality of outputs. In addition, human capital is also needed to improve firm innovation; therefore, we add the dummy variable of whether firm invests in training workers, the ratio of profesional worker over firm workforce and the dummy variable of whether the respondent got higher education or not in our model. Finally, we include a dummy variable denoting whether firm exports or not and log of firm size to capture firm competitiveness. Summary statistics are reported in Appendix 1.
Empirical Results
The empirical results are introduced in table 1. In general, corruption has negative impact on all types of innovation; however, the magnitude and significance of coefficients for each type are different. There are three main types of innovation in our paper as (i) improving product, (ii) new product, and (iii) new process. They are dummy variables describing whether firm implements these types of innovation or not. Using logit method, corruption has a significant impact on only the decision of developing new product. The coeficient of corruption in case of new product is -0.045 and it significant at level of 10%. If a firm corrupts, the probability of developing new product will decrease 0.045. Corruption has largest impact on firm decision of improving product (-0.057) however, this impact is insignificant.
When we consider innovation in a wider perspective such as whether firm implements any type of new innovation (new process or new product) or any type of innovation (improving product or new process or new product), the impact of corruption becomes clearer and more significant. Probability of implementing new innovation and general innovation of corrupted firm is less than transparent firms of 0.083 and 0.075, respectively (coressponding to the significance at 1% and 5%, respectively).
In addition, almost control variables have impact on innovation as expected. The more firm invests in their infrastructure (such as production capacity, equipments) and outputs, the larger probability firm implements innovation activities. It is also understandable that bigger firms would have more innovation activities. All coeficients of investment variables and log of firm size are positive and significant at level of 1% for all types of innovation.
In the rest of control variables, whether the respondent got higher education (variable higherEdu) does not affect the firm decision of implementing innovation. The other variables affect this decision in different ways. The investment in training workers affects all types of innovation at 1% level of significant, but improving products. The ratio of professional worker over workforce does not affect innovation of new products, and export does not affect innovation of new process.
In our models, we also capture the differences among years, industrials, and provinces. The main highlight is the decisions of innovation decreases from 2005 to 2011. All coeficients of year variables are negative and significant at level of 1% for all types of innovation. 
Endogeneity
Controlling for the endogeneity, we instrument for corruption using the mean of dummy variable of corruption by industry and location as well as several instrumental variables such as PCI, the dummy variable of whether firm is supplier/customer of state firms, and of whether firm is inspected by government officials. The first stage is introduced in Appendix 2.
Using instrumental variable and running regressions with firm random effect method, the trend of impact of variables is unchanged; however, the magnitude of coefficient generally bigger in absolute value. In more detail, the coefficient of corruption still negative and significant at level of 10% in case of innovation of new product, but the absolute value of coefficient increase from 0.045 to 0.503, the change in magnitude is quite large. Similary, this absolute value increases from 0.083 to 0.558 in case of new innovation (the significance is at 1%), and from 0.075 to 0.360 in case of general innovation (the significance decrease from at 5% to 10%). Although the coefficient of corruption in case of improving product and innovation in new process are still larger and negative, they are statistical insignificance.
These findings consolide above evidence for the impact of corruption on firm innovation activities.
Conclusion
Using the panel data of Vietnamese Small and Medium Scale Manufacturing Enterprises from 2005 to 2011, we have checked the impact of corruption on firm innovation activities and have shown a negative, robust, and strong relationship. To our knowledge, this paper provides the very first evidence for the impact of corruption on firm innovation activities in Vietnam. It contributes to recent studies that pay attention on corruption as well as its effects. In line with our paper on the effect of corruption at country level data, this paper using firm level data confirms that corruption is a major barrier against development and growth. As expected, corruption is generally harmful to economics and the policy makers should try more to create and to change the institutions and incentive systems in order to prevent corrupted activities. 
